In this communication, we focus on the possibility to test General Relativity (GR) with radioscience experiments. We present simulations of observables performed in alternative theories of gravity using a software that simulates Range/Doppler signals directly from the space time metric. This software allows one to get the order of magnitude and the signature of the modifications induced by an alternative theory of gravity on radioscience signals. As examples, we present some simulations for the Cassini mission in Post-Einsteinian gravity (PEG) and with Standard Model Extension (SME).
Introduction
There is still a great interest in testing GR (theoretical motivations such as quantification of gravity, unification with other interactions. . . ). Within the solar system, the gravitational observations are always related with radioscience measurements (Range and Doppler) or with angular measurements (position of body in the sky, VLBI). In this communication, we present simulations of radioscience observables in alternative theories of gravity. The software used (presented in Hees et al 1 ) performs simulations directly from space-time metric allowing to consider a wide class of alternative theories of gravity. The main idea is to perform a simulation in a particular alternative theory of gravity and then to adjust a GR model to the simulated data (which corresponds to fit the initial conditions of bodies, the mass of planets, . . . ). The residual signal obtained after the fit is the incompressible signature due to the alternative theory of gravity. This signature corresponds to residuals that would be obtained by a naive observer measuring data and analyzing them in GR (using standard procedure) while the correct gravitation theory is the considered alternative theory. These signatures are characteristic from the alternative theories of gravity and should be searched in residuals of real data analysis. The comparison of the amplitude of these signatures with the accuracy of the measurements gives an estimation of the uncertainties on the parameters characterizing the theory that would be reachable in a real data analysis. Furthermore, under the assumption that no anomalous residual with amplitude larger than the measurement accuracy was observed in real data analysis, we can obtain an estimation of an upper limit on parameters entering the alternative theory of gravity.
In this communication, we present radioscience simulations of Cassini spacecraft during its cruise from Jupiter to Saturn with Post-Einsteinian modifications of gravity (PEG) 2,3 and with Standard Model Extension (SME) in the gravitation sector.
4,5

Post-Einsteinian Gravity (PEG)
From a phenomenological point of view this theory consists in including two potentials Φ N (r) and Φ P (r) to the metric.
2,3 Here, we consider a series expansion of these potential, which means the metric can be written as
with
where M is the central mass, G the gravitational constant, c the speed of light, δγ = γ − 1 is the PPN parameter and α i and χ i are PEG parameters. The incompressible signatures due to the 5 PEG parameters (χ i , α i and δγ) are represented on Fig. 1 (a) . These signatures should be searched in residuals of real data analysis. The comparison of the amplitude of these signatures with the Cassini Doppler accuracy (10 −14 ) gives the uncertainties on the PEG parameters reachable in a real data analysis. These uncertainties are given on Table 1 (a). With the assumption that no residuals larger than 10 −14 has been observed in the analysis of real data, they can be interpreted as an estimation of an upper bound on the PEG parameters. 3. Standard Model Extension (SME) SME is a very general framework aimed at considering violations of Lorentz invariance. In this communication, we focus only on the gravitational sector of SME (modification in the matter sector is let for further work). In the gravitational sector of SME, the Post-Newtonian metric depends on a symmetric trace-free tensors µν .
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We have shown that the radioscience measurements of the Cassini arc depends on 4 linear combinations of these 9 fundamental parameters:
The incompressible signatures due to these 4 parameters are represented on Fig. 1 (b) . These signatures should be searched in residuals of real data analysis. The uncertainties on the parameters reachable by an analysis of real data are indicated on Table 1 (b) . These values can also be interpreted as an upper bound on these 4 parameters under the assumption that no Doppler residual larger than 10 −14 has been observed in the analysis of Cassini data.
